Abstract. MicroRNAs (miRNAs) are endogenously expressed non-coding RNAs, which are involved in the gene expression regulation. ) is a founding member of miRNA family and recently it was found to be associated with several cancers, such as lung and colon cancers. In the present study, we found that let-7a miRNA expression was significantly downregulated both in human laryngeal squamous cancer tissues and in Hep-2 cells, a laryngeal cancer cell line, as compared with adjacent normal tissues and BEAS-2B cells, respectively. Moreover, we found that let-7a expression levels were significantly further decreased in non-differentiated (G 3 ) cancer tissues as compared with moderately and well differentiated cancer tissues (G 2 and G 1 ), although no significant difference in let-7a expression levels between the cancer specimens with different T stages or specimens from patients with different lymph node metastasis status was revealed. In Hep-2 cells, let-7a mimics transfection markedly suppressed proliferation and induced apoptosis of Hep-2 cells under the treatment of diamminedichloroplatinum or not and downregulated RAS and c-MYC protein expression without affecting the mRNA levels. In parallel, RAS and c-MYC protein levels were found significantly upregulated only in cancer tissues with downregulated let-7a expression. Thus, we propose that let-7a may be a tumor suppressor in laryngeal cancer by inhibiting cell growth, inducing cell apoptosis and downregulating the oncogenes expression.
Introduction
MicroRNAs (miRNAs) are a recently discovered group of small non-coding RNA molecules involved in the gene expression regulation. They are 19-25 nucleotides in length and control the expression of a wide variety of genes by binding to the complementary sequences in the 3'-untranslated regions of the target mRNAs, which results in a reduced translation rate and/or increased degradation of the mRNA (1) . An involvement of miRNAs has been documented for almost all major cellular functions such as cell proliferation, cell differentiation, stress response, apoptosis and transcriptional regulation (2) (3) (4) . Since corruption of these biological processes is the hallmark of many cancers, dysregulation of miRNA biogenesis and function may lead to tumorigenesis. In fact, recently, some miRNAs levels have been reported to be altered in certain cancers and some miRNAs have been revealed to be mapped to cancer-related genomic regions in chromosomes. The identification of several miRNAs as oncogenes or tumor suppressors underscores the potential significance of miRNAs in therapeutic and diagnostic applications (5, 6) .
Lethal-7 (let-7), a founding member of miRNA family, is required for timing of cell fate determination in C. elegans (7, 8) . In humans, similar to in C. elegans, the expression of let-7 is barely detectable in embryonic tissues but increases in differentiated and mature tissues (9) . Recent studies demonstrated that expression levels of let-7 miRNA were reduced in human lung and colon cancers (10, 11) and let-7 might act as an anti-cancer molecule as it was able to repress RAS and/or c-MYC expression at the translational level (3, 12) . Laryngeal carcinoma is a common malignant tumor in head and neck. Although its pathogenesis remains largely unknown; inactivation of tumor suppressors and amplification of oncogenes, including RAS and c-MYC, which regulate various intracellular signaling pathways, have been linked with its development (13) (14) (15) . However, whether miRNAs, especially let-7, play a role in the pathogenesis of malignant tumors in head and neck including laryngeal carcinoma has not yet been ONCOLOGY REPORTS 22: 1189 -1195 Let-7a microRNA functions as a potential tumor suppressor in human laryngeal cancer XIAO (8, 16) . In the present study, we detected the let-7a levels in laryngeal cancer tissues and a laryngeal cancer cell line Hep-2 and investigated the direct effect of let-7a on proliferation and apoptosis of Hep-2 cells. Furthermore, we explored the relationship between let-7a and RAS and c-MYC expression in laryngeal cancer tissues and Hep-2 cells. The cancer tissues and corresponding adjacent normal tissues were collected during surgery. Each specimen was cut into 2 parts. One was immediately snap-frozen in liquid nitrogen and stored at -70˚C for subsequent miRNA study and the other one was fixed with 4% paraformaldehyde and embedded in paraffin for pathological and immunohistochemical study. All specimens were subjected to histological evaluation by a pathologist. All tumor tissues were confirmed to be squamous cell carcinoma and no cancer cell was found in all normal samples adjacent to the tumors. All patients provided informed consent before their participation and this study was approved by the Ethics Committee of Tongji Medical College of Huazhong University of Science and Technology.
Materials and methods
Cell culture and transfection. The human laryngeal cancer cell line Hep-2, derived from epidermoid carcinoma of the larynx and the human normal bronchial epithelial cell line BEAS-2B, derived from human bronchial epithelium transformed by an adenovirus 12-SV40 hybrid virus, were obtained from American Type Culture Collection (Manassas, VA, USA). Hep-2 cells were cultured in RPMI-1640 supplemented with 10% heat-inactivated fetal bovine serum (Gibco, Carlsbad, CA, USA) and BEAS-2B cells were cultured in DMEM/F12 (Gibco) supplemented with 5% heat-inactivated fetal bovine serum. All cells were incubated at 37˚C with 5% CO 2 in humidified air. Hep-2 cells were seeded in 6-well plates at a concentration of 2x10 5 cells per well. Twenty-four hours later, Hep-2 cells approaching 30-40% confluence were transfected with let-7a mimics. The miRNA let-7a mimics belong to double-stranded small RNA products and were ready for use. The mature miRNA let-7a sequence is: UGA GGU AGU AGG UUG UAU AGU U (Ribobio, Guangzhou, China).
The let-7a mimics at a concentration of 50 nM were used for the transfection through employing Lipofection 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. Hep-2 cells transfected with non-specific control miRNA were served as controls. Forty-eight hours after transfection, cells were subjected to drug treatment experiments or collected for Western blot analysis and quantitative RT-PCR analysis.
MiRNA isolation and quantitative real-time PCR of let-7a. The miRNAs were isolated from tissues and cells using mirVana miRNA isolation kit (Ambion, Austin, TX, USA) following the manufacturer's protocol. In the reverse transcription step, cDNA was reverse transcribed using let-7a-specific miRNA primer (Applied Biosystems, Foster City, CA, USA) and TaqMan MicroRNA reverse transcription kit (Applied Biosystems). The RT reactions were performed at 16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min. The quantitative real-time PCR reactions using the TaqMan MicroRNA assay (Applied Biosystems) together with the TaqMan Universal PCR Master Mix (Applied Biosystems) were performed on Fast Real-time PCR 7700 System (Applied Biosystems) at 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The human U6 RNA (Applied Biosystems) was amplified in parallel as an internal control. Relative gene expression was calculated using the comparative CT method, as described previously (17) .
Methylthiazolyldiphenyl-tetrazolium analysis of cell proliferation. Cell viability was assessed by methylthiazolyldiphenyl-tetrazolium (MTT) assay. Approximately 10
4 Hep-2 cells without transfection and cells transfected with let-7a or control miRNA were seeded in 96-well plates for 24 h and then exposed to various concentrations of diamminedichloroplatinum (DDP) (0, 5, 10, 15 and 20 μg/ml, Sigma, St. Louis, MO) for 48 h. The cells were then incubated in 0.1 mg/ml solution of MTT (Sigma) at 37˚C for 4 h and lysed in 150 μl dimethyl sulfoxide (Sigma) at room temperature for 30 min. Spectrometric absorbance at a wavelength of 492 nm was measured on μQuant™ Microplate Spectrophotometer (BioTek, Winooski, VT, USA).
Annexin V binding assay. Cell apoptosis was assessed by using Annexin V-FITC and propidium iodide (PI) double stain detection kit (Keygentec, Nanjing, China). Approximately 10 5 Hep-2 cells without transfection and cells transfected with let-7a or control miRNA were seeded in 12-well plates for 24 h and then exposed to DDP at a concentration of 0 or 10 μg/ml. Thereafter, the cells were trypsinized, washed with icecold PBS and resuspended in 500 μl binding buffer. Then cells were stained with 5 μl Annexin V-FITC and 5 μl PI for 15 min in the dark at room temperature. Fluorescence was measured by FASCort flow cytometer (Becton-Dickinson, NY, USA) and processed with Cell Quest software (BectonDickinson) for analysis. Ten thousand cells were counted for each sample.
Quantitative real-time PCR of RAS and c-MYC.
The total RNAs were extracted from Hep-2 cells by using TRIzol reagent (Invitrogen) and treated by using a DNA-free kit (Ambion) to remove contaminating DNA. cDNA was reverse transcribed from 0.5 μg of total RNA with random hexamer primers (Takara Biotechnology, Dalian, China). Quantitative PCR was performed by using the SYBR Premix Ex Taq kit (Takara Biotechnology) with the specific primers on Fast real-time PCR 7700 System (Applied Biosystems). The PCR conditions were 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. GAPDH was amplified in parallel as an internal control. The genespecific primers are as follows: for RAS, sense: 5'-TGG ATA GCA TGA ATT CTG CAT TGA G-3'; antisense: 5'-TTA TCC CAA ACA GGC ACT TCA AAC-3'; for c-MYC, sense: 5'-CGG ATT CTC TGC TCT CCT CGA C-3'; antisense: 5'-CCT CCA GCA GAA GGT GAT CCA-3'; and for GAPDH: sense: 5'-ACC CAG AAG ACT GTG GAT GG-3'; antisense: 5'-TTC TAG ACG GCA GGT CAG GT-3'. Relative gene expression was calculated using the comparative CT method, as described previously (17) .
Western blotting of RAS and c-MYC.
The cells were homogenized in chilled lysis buffer and stood for 30 min on ice. After centrifugation at 14,000 rpm for 20 min at 4˚C, the supernatants were collected as protein samples. Approximately 60 μg of lysate protein were subjected to electrophoresis with a 10% SDS-polyacrylamide gel and then electroblotted onto a nitrocellulose filter membrane. After blockage of non-specific binding sites, the membrane was incubated with rabbit antihuman RAS or c-MYC antibody (Boster, Wuhan, China) at a dilution of 1:400 overnight at 4˚C. The membranes were then washed 3 times, incubated further with alkaline phosphatase conjugated goat anti-rabbit antibody (Jackson, West Grove, PA, USA) at 37˚C for 1 h. The immunoblots were visualized by use of a 5-bromo-4-chloro-3-indolylphosphate/nitroblue tetrazolium alkaline phosphatase color development kit (Roche, Indianapolis, IN, USA).
Immunohistochemistry. RAS and c-MYC protein expression in laryngeal cancer and normal tissues was detected using the streptavidin-peroxidase complex method with a histostain-plus kit (Zhongshan Golden Bridge Biotechnology, Beijing, China) as described (17) . Rabbit anti-human RAS and c-MYC antibodies (Boster) at a dilution of 1:400 were used as primary antibodies. Color development was achieved with 3', 3'-diaminobenzidine, which rendered positive cells brown. Normal rabbit serum and secondary antibody alone were used as negative controls. The number of RAS and c-MYC-positive cells was determined by counting 10 randomly selected fields in a blinded fashion at x400 magnification and expressed as the number of positive cells per high power field.
Statistical analysis. Data are presented as mean ± SD. All data were confirmed with normal distribution and assessed for significance by paired or unpaired t-test or ANOVA as appropriate. Differences were considered statistically significant at P-value <0.05.
Results
Decreased expression of let-7a miRNA in human laryngeal cancer and Hep-2 cells. Mature let-7a miRNA expression in the paired cancer and normal tissue samples from 48 patients with laryngeal squamous cell carcinoma were detected. Compared with adjacent normal tissues, the expression levels of let-7a miRNA in tumors were decreased in 37 of the 48 patients. Generally, the overall expression levels of let-7a were significantly downregulated at 2.16-fold in tumor tissues compared with adjacent normal tissues (Fig. 1) . When dividing the tumors into different groups according to clinical stage and pathological grade, the let-7a levels were found to be markedly reduced in all tumors with different clinical stages and pathological grades when compared with corresponding normal tissues (Tables I, II and III) . When comparing the difference in let-7a levels in cancer tissues between patients with different characteristics, no significant difference was found between patients with different T stages or lymph node metastasis statuses (Tables I and II) ; however, let-7a levels were significantly lower in non-differentiated (G 3 ) cancer Table I . Relative expression levels of let-7a in laryngeal cancer patients with different T stages. 
-------------------------------------------------Relative let-7a expression levels ---------------------------------T stage (n=48) Adjacent normal tissue Cancer tissue -------------------------------------------------

-------------------------------------------------
a P<0.05 compared with corresponding normal tissues in each group. Table II . Relative expression levels of let-7a in laryngeal cancer patients with different node metastasis status. 
-------------------------------------------------Relative let-7a expression levels --------------------------------Node status (n=48) Adjacent normal tissue Cancer tissue -------------------------------------------------
------------------------------------------------
a P<0.05 compared with corresponding normal tissues in each group.
-------------------------------------------------
tissues than in moderately and well differentiated cancer tissues (G 2 and G 1 ) ( The baseline expression levels of let-7a miRNA in Hep-2 cells were determined in comparison with BEAS-2B cells. Consistent with findings in human tissues, significantly lower levels of let-7a (9.47-fold decrease) were found in Hep-2 cells than in BEAS-2B cells (Fig. 2) . Table III . Relative expression levels of let-7a in laryngeal cancer with different histopathological grades. - 
-------------------------------------------------Relative let-7a expression levels ----------------------------------Grade (n=48) Adjacent normal tissue Cancer tissue -------------------------------------------------
------------------------------------------------------------------------------------------------
The let-7a miRNA inhibits proliferation, promotes apoptosis and increases DDP susceptibility of Hep-2 cells.
Since let-7a was downregulated in both laryngeal cancer tissues and Hep-2 cells, we assessed whether let-7a could modulate the proliferation, apoptosis and chemotherapeutic drug sensitivity of Hep-2 cells. Firstly, we showed that let-7a mimics transfection could significantly increase the let-7a levels in Hep-2 cells, whereas control miRNA transfection displayed no obvious effect; when compared with cells without any transfection (Fig. 3A) . Secondly, we found that the proliferation of Hep-2 cells was significantly inhibited, whereas the apoptosis of Hep-2 cells was markedly induced in let-7a-transfected cells compared with control miRNA-transfected cells and cells without any transfection (Fig. 3B, C and D) . Moreover, overexpression of let-7a has a synergic effect with DDP on inhibition of Hep-2 cell proliferation and promotion of Hep-2 cell apoptosis (Fig. 3B,  C and D) .
RAS and c-MYC are target genes of let-7a in human laryngeal
cancer. Since sequence analysis indicated that oncogenes RAS and c-MYC might be target genes of let-7a (3,11), we investigated whether this hold true in laryngeal carcinoma. Firstly, we explored the direct effect of let-7a on RAS and c-MYC protein expression in Hep-2 cells. We found that RAS and c-MYC protein expression was significantly inhibited in Hep-2 cells transfected with let-7a compared with cells without any transfection. Nevertheless, no obvious effect was observed for control miRNA (Fig. 4A) . In contrast to findings of protein levels, no apparent change in the mRNA levels of RAS and c-MYC was found after overexpression of let-7a in Hep-2 cells (Fig. 4B) , indicating that let-7a may suppress RAS and c-MYC expression at the translation level. Secondly, we studied the RAS and c-MYC protein expression in laryngeal cancer and normal tissues by the means of immunohistochemistry. Since there were 11 patients who did not show downregulated expression of let-7a in tumor tissues as compared with paired adjacent normal tissues, we divided patients into two subtypes: patients with and without downregulated let-7a. We found that compared with normal tissues; there was a significantly stronger staining of RAS and c-MYC in cancer tissues with downregulated let-7a expression, than in cancer tissues without downregulated let-7a (Fig. 4C) . 
Discussion
Increasing evidence has shown that miRNAs may be directly implicated in the carcinogenic process (18) . More than 50% of miRNAs are located in cancer-associated genomic regions or in fragile sites (19) . A number of miRNAs promote whereas some other miRNAs inhibit cell proliferation and survival. These two classes of miRNAs may play an important role in cancer development as novel oncogenes and tumor suppressors, respectively (5, 6, 18) . The relationship between miRNA and tumor is attracting more and more interest. Previous studies have suggested that let-7 miRNA may be a tumor suppressor, which is poorly expressed in lung, colon and breast cancer (10, 11, 20) . Downregulated let-7 miRNA expression has been reported to have a prognostic impact on the survival of surgically treated lung cancer patients (10) . Laryngeal cancer is a common malignant tumor of head and neck and 90-95% of cancer tissues demonstrate squamous cell carcinoma. In this study, we found that compared with adjacent normal tissues, the let-7a expression was significantly reduced in laryngeal squamous cancer tissues. Moreover, a similar reduction was found in human laryngeal cancer cell line Hep-2 in comparison with normal bronchial epithelial cell line BEAS-2B, suggesting that let-7a downregulation is involved in laryngeal squamous carcinoma. Furthermore, we found a further decreased let-7a expression in non-differentiated tumors compared with moderately and well differentiated tumors, indicating a potential role of let-7a in the cell differentiation of laryngeal squamous carcinoma. Nevertheless, it should be noted that in our study, there were still 11 patients (23%) demonstrating unchanged or even slightly elevated expression levels of let-7a in tumor tissues compared with paired adjacent normal tissues, indicating that let-7a may exert different impacts on different individuals and let-7a may not take part in the pathogenesis of all laryngeal carcinoma. The reasons for the discrepancy in let-7a expression levels between different individuals with laryngeal squamous carcinoma need further study.
Since let-7 is essential in timing cell fate, we next explored whether let-7a play a role in the proliferation and apoptosis of laryngeal cancer cells. In this study, we did find that let-7a could suppress the growth and induce the apoptosis of laryngeal cancer cell, supporting the role of let-7a in laryngeal carcinoma development. Moreover, we found that let-7a could increase the sensitivity of Hep-2 cells to chemotherapeutic drug DDP, indicating that let-7a may be an important factor influencing the sensitivity of cells to chemotherapeutic drugs. Our findings are consistent with those in lung and colon cancer cells (10, 11) ; however, in contrast to the findings in human hepatocellular carcinoma HepG2 cells, in which let-7a suppressed the drug-induced apoptosis by targeting caspase-3 mRNA (21). These discrepancies indicate that let-7a may display different functions through interfering distinct genes in different cell types.
Sequence analysis suggests that oncogenes RAS and c-MYC may be the targets of let-7a (3, 11) . RAS proteins are membrane-associated GTPase, which are signaling proteins that regulate cellular growth and differentiation (22) . MYC is an evolutionarily conserved nuclear protein also involved in the control of cell proliferation and differentiation (23) .
Increased RAS and c-MYC expression has been demonstrated in laryngeal squamous carcinoma, especially in Asian patients, by some previous publications (14, 15, (24) (25) (26) . In the present study, employing let-7a transfection, we confirmed that let-7a can inhibit RAS and c-MYC protein expression at the translation level in Hep-2 cells. Moreover, we demonstrated that RAS and c-MYC protein expression was only increased in laryngeal cancer with decreased let-7a expression in Chinese patients, highlighting an inverse correlation between RAS and c-MYC protein and let-7a miRNA expression in laryngeal cancer tissues. These results suggest that elevated RAS and c-MYC protein expression may result from, at least in part, the loss of let-7a miRNA expression in laryngeal carcinoma. On the other hand, given the involvement of RAS and c-MYC in cell proliferation, the effect of let-7a on cell proliferation and apoptosis may be partially derived from its effect on RAS and c-MYC protein expression regulation. However, the factors contributing to the abnormal let-7a expression in laryngeal carcinoma remain to be defined.
In conclusion, in this study, for the first time, the let-7a miRNA expression is found to be downregulated in human laryngeal squamous carcinoma. Let-7a may inhibit the growth and induced the apoptosis of laryngeal cancer cell possibly through downregulating the protein expression of oncogenes RAS and c-MYC. Let-7a increases the susceptibility of laryngeal cancer cells to chemotherapeutic drugs and may be a potential therapeutic target for laryngeal carcinoma.
